Twoparalytic shellfish toxins, gonyautoxin V and gonyautoxin VI, isolated from a tropical dinoflagellate, Pyrodinium bahamense var. compressa, were identified respectively to be derivatives of saxitoxin and neosaxitoxin with a sulfonatocarbamoyl moiety.
have been determined to be the cause in temperate and cold waters. The presence of potent neurotoxins of the saxitoxin family was recognized in both dinoflagellates and shellfish.
According to Shimizu1* at least 10 toxins have clarified, GTX5is rather commonin both dinoflagellates and shellfish and has been knownto have a low specific toxicity. On the other hand, previous records of GTX6are confined on Alaskan mussels.1} In our recent study we presented for the first time evidence that a tropical dinoflagellate, Pyrodinium bahamense var. compressa, also produces paralytic shellfish toxins consisting of STX (1), neoSTX (2), GTX5, GTX6 and a new toxin tentatively coded PBT.3) This finding prompted us to undertake a structural study on GTX5, GTX6 and PBT. In the present paper we report the chemical structures of GTX5 and GTX6. Both GTX5and GTX6were isolated as very hygroscopic colorless solids from the Pyrodinium cells following the steps described in the previous paper.
3) The complete separation of the two toxins which had very close retention times was achieved by repeating BioRex 70 chromatography with linear gradient elution with acetic acid. Homogeneity of both toxins was confirmed by TLC and electrophoresis.
PMRand CMRspectral data of GTX5are listed in Tables I and II (10) 4.42 (12, 9) 4.12 (12, 5) 4.83 (s) 4.14 (6, 6) 3.78 (10) 3.58 (10) 4.44 (ll, 6) 4.21 (ll,6) 4.83 (s) 4.13 (6, 6) 3.78 (10) 3.58 (10) 4.52(ll, 6) 4.26 (ll, 6) Unobserved due to deuterium replacement at C-1 1. a Unobserved due to deuterium replacement at C-l l. b Assignment ofC-2, 8, 14 was made according to the data of Rogers and Rapoport.8) slight difference in the proton and carbon chemical shifts for C-13 and C-14: A3 +0.09 ppm for H-13-pro-Sand +0.05 ppm for H-13-pro-R, and +0.7 ppm for C-13 and -5.0 ppm for C-14. These differences correspond well with those observed between GTX3(5) and GTX8 (7 GTX5is a derivatives of STXwith an additional sulfate moiety. The IR spectrum of GTX5 showed prominent absorptions at 630, 1040 and 1230 cm"1, indicating a N-sulfonate moiety.4) The chemical shift trend for C-13, C-14 and 13 protons support that the possible conjugation site for sulfate is the carbamatonitrogen. The vulnerability of GTX5to acid is also in accordance with the observed properties of GTX8 (7) which contains a sulfonatocarbamoyl function.2) Thus all the data unequivocally support the structure of (8) for GTX5.
GTX6likewise was converted to neoSTXon heating in dilute hydrochloric acid, resulting in an increase of toxicity of approximately 15 times. Since the specific toxicity of neoSTX was 1617 MU//imol, that of GTX6 was assumed to be 108 MU/jumol. PMR spectral data of GTX6are given in Table I together with those of neoSTX. The chemical shifts are essentially the same as those of neoSTXwith only noticeable changes for H-13: AS +0.08 ppm for H-13-pro-Sand +0.05 ppm for H-13-pro-R. On acid treatment, 1.0 mol of GTX6 generated 1.0 mol of neoSTX and 0.9 mol of free sulfate, indicating that GTX6is a neoSTX sulfonate. Fromthe complete agreement of the chemical shifts of the protons between GTX6 and neoSTXexcept for the protons attached to C-13, it is deduced that GTX6is a neoSTX derivative with a sulfonatocarbamoyl function (9).
Occurrence of a sulfonatocarbamoyl moiety in the paralytic shellfish toxin family was first demonstrated in GTX8 (7).2) The vulnerability of this moiety during the bioassay procedure which employs dilute acid and possibly during the metabolic pathway in the humanbody may add new problems to the evaluation of the safety standards for shellfish infested with GTX5, GTX6 and GTX8 since they are easily convertible to far more potent toxins. Our previous observation of the greater abundance of STX in bivalves than in the causative dinoflagellate shows that such conversion actually takes place in the animal tissue.3) Hall et al.5) reported the presence of two components coded Bx and B2 in P. tamarensis which were easily converted to STX and neoSTX respectively upon heating with hydrochloric acid. They may correspond to GTX5 and GTX6, respectively.
EXPERIMENTAL
Instruments. NMRspectra were taken with a JEOLFX-100 spectrometer. For measurementof PMR a D2O solution containing?-BuOH was used. The strong water band at around 4.8 ppm was removed by PRFT techniques. CMRspectra were measured in a D2Osolution containing dioxane. IR spectra were taken with a JASCO A-202 spectrometer and the colorimetric determination was done on a HITACHI model 100-10 spectrophotometer.
Purification procedures. The dinoflagellate, Pyrodinium bahamensevar. compressa, wascollected at Palau Island in May 1981. Toxins were extracted with 75% ethanol (pH 3.8) three times. The extracts were concentrated under reduced pressure and washed with chloroform. The aqueous phase wasfreed from chloroformunder vacuum, adjusted to pH 5.5, and treated successively with activated charcoal, Bio-Gel P-2 (Bio-Rad Laboratories), and Bio- Determination of sulfate. The toxins were hydrolyzed in sealed tubes with 1ml of 0.05n hydrochloric acid in a boiling water-bath for 30 min. The free sulphate in 0.2 ml of the hydrolyzate was determined by the benzidine method.7) Solutions containing 10, 20, 30, 40 and 50 JtigSO4/ml in 0.05n hydrochloric acid were used as standard solutions.
7.92x lO"2 /miol of GTX5 produced'
8.40x10~2 /miol of STX and 8.31x10"2 /miol of free sulphate.
6.40x 10"2 /miol of GTX6 generated 6.40x
10~2 /anol ofneoSTX and 5.59 x 10~2 /rniol free sulphate.
IR spectrometry. The spectra were taken with KBr pellets. GTX5 was compared with STX as the acetate form. The spectrum of GTX5 resembled that of STX but wasdistinguishable by having absorptions at 630, 1040 and 1230 cm"1, characteristic ofN-SO3". The absorptions at around 3200 and 1700 cm"1 due to a guanidino group [NH2-C( =NH)-NH-] were present in both spectra.
